Introduction
Glycine and GABA are the two major inhibitory neurotransmitters in the CNS. They share the vesicular inhibitory amino acid transporter (VIAAT) (McIntire et al., 1997; Sagné et al., 1997; Gasnier, 2000) but use distinct plasma membrane transporters. Glycine transport into presynaptic terminals is performed by the neuronal glycine transporter isoform GlyT2 (Zafra et al., 1995a) , whereas GABA transport is mediated by the neuronal GABA transporter (Radian et al., 1990) . Presynaptic GABA levels also depend on the activity of the GABA-synthesizing enzyme glutamic acid decarboxylase (GAD) (Soghomonian and Martin, 1998) . The presence of GlyT2 or GAD, or both, is taken as a criterion to assign a transmitter phenotype to presynaptic terminals. In spinal cord neurons (SCNs), inhibitory terminals release either glycine or GABA, or both transmitters (Jonas et al., 1998) . Rostral to the medulla, the predominant neurotransmitter is GABA (Luhmann and Prince, 1991; Beaulieu et al., 1994; Zafra et al., 1995a) .
As a rule, postsynaptic accumulation of neurotransmitter receptors closely matches the transmitter phenotype of presynaptic terminals. A long-standing question is how this alignment between presynaptic and postsynaptic sites is achieved (Nicoll and Malenka, 1998) . One way to address this question is to analyze postsynaptic changes associated with a developmental switch from one inhibitory neurotransmitter to another (Meier et al., 2002) . In superior colliculus cultures, inhibitory synapses initially release glycine; later on they release GABA. At either developmental stage, postsynaptic receptor accumulation of the appropriate receptor matched the transmitter phenotype, and this coincided with an upregulation of a particular gephyrin isoform. Gephyrin is a glycine receptor (GlyR)-tubulin-bridging molecule, initially purified in association with the GlyR ␤ subunit. It is composed of two domains that are homologous to the bacterial MogA and MoeA proteins (see Fig. 1 A) . A high degree of gephyrin diversity (see Fig. 1 B) is generated by insertion of cassettes C1-C6 (Meier et al., 2000a; David-Watine, 2001; Reiss and Johnson, 2003) . The resulting functional diversity of gephyrins has recently attracted considerable attention (Butler et al., 2000; Reiss et al., 2001; Rees et al., 2003) . In developing collicular cultures, the disappearance of GlyRs from inhibitory synapses was associated with increased expression of gephyrin isoforms containing the cassette C5 (C5-gephyrins). Glutathione S-transferase pulldown assays showed that C5-gephyrins failed to interact with the gephyrin-binding loop of the GlyR ␤ subunit (Meier et al., 2000a) ; however, the MogA-homologous domain, where C5 is inserted, may not be involved directly in GlyR ␤ subunit binding (Sola et al., 2001) . This is consistent with the location of the GlyR ␤ subunit binding domain within the C-terminal part (see Fig.  1 A) of gephyrin (Rees et al., 2003) . The MogA-homologous domain triggers trimerization, whereas the MoeA-homologous region mediates assembly into dimers (Xiang et al., 2001 ). Together, the MogA-and MoeA-homologous domains orchestrate the assembly of a highly ordered hexagonal protein lattice structure (Xiang et al., 2001) .
Depending on the actual pattern of gephyrin isoforms in the postsynaptic neurons, GlyR stabilization might be either promoted or hindered; however, the possibility of a dual regulation of receptor access to postsynaptic densities has not yet received much consideration. Therefore the aim of the present study was (1) to further clarify the function of C5-gephyrins at inhibitory synapses and (2) to test the hypothesis that, depending on its molecular structure, postsynaptic gephyrins may either facilitate or suppress GlyR binding and in this way contribute to transmitter-appropriate GlyR localization.
Materials and Methods
cDNA constructs. Total RNA and cDNA were obtained as described (Meier et al., 2002) . For the green fluorescent protein (GFP)-tagged gephyrin-binding loop of the GlyR ␤ subunit construct (GFP::␤L), PCR amplimers corresponding to the gephyrin-binding loop of the GlyR ␤ subunit (␤L) were prepared from rat spinal cord cDNA using oligonucleotides (5Ј-3Ј) GGGAGATCTAAAAGGGTTGAAGCTGAG and GGGGAATTCTCATCTTGCATAGAGGTCAATGC. After subcloning (using BglII and EcoRI) into the plasmids (Clontech, Palo Alto, CA) pEGFP-C1 and pDsRed2-C1, respectively, the final constructs were verified by DNA sequencing. The GFP-tagged C2-and C6-containing gephyrin isoform (GeC2,6) was isolated by RT-PCR from total RNA of adult rat spinal cord. The absence of other cassettes was secured by PCR following a previously described protocol (Meier et al., 2002) . To obtain the C2-, C5-, and C6-containing gephyrin clone (GeC2,5,6), the cassette C5 was inserted into the GeC2,6 clone by site-directed mutagenesis (GeneEditor, Promega, Madison, WI) using the 5Ј phosphorylated oligonucleotide (5Ј-3Ј) CGAGATGTCACACCAGAGAAATTCCCAA-CATTCCCATTTTGTGGGCTCCAGAAAGGGGCCACAAAAGAAGT-AATAGAAC. Both cDNAs were finally subcloned into pEGFP-N1 vector (Clontech). Final constructs were subjected to DNA sequencing.
Cell culture and transfection. SCNs from embryonic day (E) 14 Wistar rats or hippocampal neurons (HNs) from E18 rats were prepared as described previously (Rao et al., 1998; Meier et al., 2000b) and maintained in B27-and 1% FCS-supplemented Neurobasal medium (Brewer and Cotman, 1989) . After neuron attachment, the coverslips were transferred (cell-side down) to dishes containing a confluent layer of spinal cord or hippocampal glial cells, respectively.
Transfection was performed after 8 d (HNs) or 12 d (SCNs) in vitro (DIV). Coverslips were transferred to wells containing the transfection medium (Neurobasal supplemented with 0.25 mM glutamine and 1% FCS) and incubated with complexes formed between 5 l of Effectene transfection reagent (Qiagen, Hilden, Germany) and 300 ng of DNA. The manufacturer's transfection protocol was followed, except that the incubation time was reduced to 1.5 and 3 hr for SCNs and HNs, respectively. This protocol ensured moderate expression levels of the transfected proteins. The GFP fluorescence was clearly visible 14 -16 hr after the transfection, and the cultures were transferred into a fixative and processed for immunocytochemistry.
Antisense experiments. To manipulate the expression of C5-gephyrins, we used the antisense phosphorothioate oligonucleotide shown in Figure  5 . We deliberately selected an overlapping region between the 3Ј end of C5 and the downstream gephyrin cDNA sequence because the C5-cDNA sequence is not unique for gephyrin: a C5-cDNA sequence has also been found within an mRNA sequence (C57BL/6J mouse, chromosome 12, LOC217680, accession: XM_126999; the National Center for Biotechnology Information Annotation Project) coding for a potential mouse molybdopterin binding domain. Corresponding C5 sense oligonucleotides were designed according to the complementary cDNA sequence. Oligonucleotides were tetramethylrhodamine-5-(and-6-)isothiocyanate(TRITC) labeled at 5Ј, ensuring that only sense or antisense oligonucleotide-containing neurons were visualized. Three concentrations (5, 50, and 500 nM) of sense or antisense oligonucleotides were applied to co-transfect neurons together with GFP::␤L. Finally, the effect of C5 antisense co-transfection on C5-mRNA depletion was verified by RT-PCR.
Antibodies. The monoclonal antibodies (mAbs) used in this study recognized gephyrin [mAb7a, 1:200 (Pfeiffer et al., 1984) ; Alexis Biochemicals, San Diego, CA], GAD65 [1:100 (Gottlieb et al., 1986) Immunocytochemistry and quantification. Immunofluorescence was performed as described previously (Meier et al., 2002) . Images were acquired using a standard epifluorescence microscope (objective 100ϫ; Axiovert, Carl Zeiss, Oberkochen, Germany), a 12-bit cooled CCD camera (Ch250, Photometrics, Tucson, AZ), and the software PMIS 4.1.4 (Remington, Munich, Germany). Appropriate filters (XF22, XF32, XF110 -2, XF136 -2; Omega Optical Inc., Brattleboro, VT) allowed the detection and separation of fluorescent signals. To show that the labeling was caused specifically by the primary antibody, we replaced it with similarly diluted normal serum from the same species. To distinguish between clusters and diffuse staining, the SD of the diffuse fluorescence signal was determined. Classification of a spot as cluster required that the fluorescence intensity exceeded three times the SD of the diffuse signal (3 criterion). For determination of surface areas and fluorescence intensities, NIH image software was used according to the procedure described previously (Meier et al., 2003) . For determination of colocalization, images were merged. Images were scaled linearly, and colocalized spots were counted manually to avoid any bias introduced by electronic thresholding procedures. Colocalization indices were defined on the basis of spatial closeness between two or more fluorescent spots and expressed as the percentage fraction of the number of colocalized spots and the total number of a given immunoreactivity. For colocalization of two clusters of immunogens, we required that Ͼ50% of the pixels reflecting one immunogen should show colocalization with a coherent cluster of the corresponding other immunogen. The region of interest comprised the soma and 50 m of proximal dendrites. Values are expressed as mean Ϯ SEM obtained from 15-20 cells in three independent experiments.
Figure 1. Gephyrin structure.
A, Gephyrin is composed of two domains that are homologous to the bacterial proteins MogA and MoeA and separated by a linker region. The N-terminal domain is involved in trimer formation, whereas the C-terminal domain mediates dimerization and is required for GlyR binding (Rees et al., 2003) . Together, both domains are presumably involved in the assembly of an ordered hexagonal lattice. B, The initially identified clone P1 (Prior et al., 1992) bearing cassettes C2 and C6. Insertion of at least six distinct cassettes generates a large number of alternatively spliced gephyrin isoforms. Numbering identifies amino acid positions within the gephyrin open reading frame. N and C termini are indicated.
Semiquantitative RT-PCR. RT-PCR was performed as described (Meier et al., 2002) . Titration was performed to ensure that PCR reactions were performed in the linear range of amplification. The resulting number of cycles was 30. To amplify GlyR subunits and gephyrin splice variants, oligonucleotides were designed as described previously (Meier et al., 2002) . Rat ␤-actin (5Ј-3Ј) TTGTAACAAACTGGGAC-GATATGG and GATCTTGATCTTCAT GGT-GCTAG was always co-amplified in the same PCR reaction tube and served as a reference for the quantification of the total cDNA amount. For each test, three separate PCR experiments were performed on three separate RNA preparations. PCR products were separated using agarose gel electrophoresis and visualized by ethidium bromide staining. The intensity and volume of the analyzed PCR products were quantified using ImageQuant software (Molecular Dynamics, Sunnyvale, CA) and expressed as mean pixel intensity. Then a ratio was calculated between C2 ϩ C5 and C2, and between C3 and without C3 (w/o) bands, respectively. A ratio value of 1 indicates equal amounts of the compared PCR products. Molecular weight DNA marker (100 bp DNA ladder) was purchased from Invitrogen (Bethesda, MD).
Results

GFP::␤L accumulates at gephyrincontaining inhibitory postsynaptic sites
The ␤ subunit is involved in GlyR binding to gephyrin (Fig. 1 ) and in its stabilization at inhibitory synapses (Meyer et al., 1995 (Meyer et al., , 2001 Kneussel et al., 1999) . Previous experiments have shown that the gephyrin-binding loop of the GlyR ␤ subunit suffices to report on gephyrin binding in vitro (Meier et al., 2000a) . Here we used a GFP-tagged M3-M4 loop of the GlyR ␤ subunit as a surrogate for full-length, ␤ subunit-containing GlyRs to study the interaction with gephyrin in transfected neurons.
First, the in vitro binding capacity of GlyR ␤L to gephyrin was determined according to the procedure described by Kins et al (1999) . African green monkey kidney (COS-7) cells were transfected with DsRed2-tagged GlyR ␤L (DsRed2::␤L) and GFP-tagged C2-and C6-containing gephyrin [GeC2,6::GFP; corresponds to the P1 clone isolated by Prior et al. (1992) ]. When coexpressed, DsRed2::␤L is recruited to the large somatic gephyrin C2,6::GFP aggregates in transfected COS-7 cells ( Fig. 2A,B) .
To determine whether GFP::␤L displays postsynaptic accumulation at inhibitory sites, we studied its distribution in SCNs. GFP::␤L aggregates became visible in the somatodendritic area 16 hr after transfection (Fig. 2C) . VIAAT immunofluorescence revealed that these aggregates were colocalized with 66.9 Ϯ 2.9% of inhibitory terminals (Fig. 2 D, F) . Triple im- munofluorescence labeling revealed the close association of postsynaptic GFP::␤L with endogenous gephyrin (94.9 Ϯ 1.8%) (Fig. 2 E, F ) . These results show that our GlyR ␤L construct is suitable to bind gephyrin and to accumulate at gephyrincontaining inhibitory sites in transfected SCNs.
Transmitter-appropriate postsynaptic accumulation of GFP::␤L in spinal cord neurons SCNs were transfected with GFP::␤L, and the transmitter phenotype of presynaptic terminals was determined by GlyT2 and GAD65 immunofluorescence (Fig. 3) . GFP::␤L accumulated opposite mixed and purely glycinergic terminals (Fig. 3 A, B , arrows, E, crossed arrows, respectively). In contrast, postsynaptic sites opposite purely GABAergic terminals were mostly free of GFP::␤L (Fig. 3 A, B,D, arrowheads) . In detail, 85.0 Ϯ 3.8, 77.7 Ϯ 0.6, and 4.6 Ϯ 3.1% of glycinergic, mixed, and GABAergic synapses, respectively, contained GFP::␤L (Fig. 3C) . To rule out the possibility that our experimental procedures interfered with inhibitory synaptogenesis, we determined the fraction of synapses with purely glycinergic, mixed, and purely GABAergic terminals. SCNs carried 15.4 Ϯ 2.5 VIAAT-immunoreactive terminals per transfected neuron and view field. In agreement with previous results (Dumoulin et al., 2000) , it was found that 25.9 Ϯ 0.2% of the terminals were glycinergic, 54.0 Ϯ 1.0% were mixed, and 20.1 Ϯ 1.2% were GABAergic. This indicates that formation and maintenance of inhibitory synapses were not seriously altered. We conclude that the distribution of GFP::␤L fully reproduces the transmitterspecific pattern known from previous studies on endogenous full-length GlyRs.
Diffuse intracellular distribution of GFP::␤L in hippocampal neurons
In contrast to SCNs, inhibitory synapses between HNs were formed exclusively by GAD65-immunoreactive terminals (Fig.  4 A) . In line with previous studies on HNs (Zafra et al., 1995a,b; Mori et al., 2002) , all inhibitory synapses (Fig. 4 A1, VIAAT) contained immunoreactivity for GAD65 (Fig. 4 A2) but were free of GlyT2 (Fig.  4 A3) . Therefore, VIAAT labeling was considered to identify GABAergic terminals in HNs. Nonetheless, HNs are known to express GlyRs (Ito and Cherubini, 1991) , including functional heteromeric GlyRs composed of ␣2 and ␤ subunits (Mori et al., 2002; Thio et al., 2003) , but in contrast to SCNs, the GlyRs of HNs are reported to localize in the nonsynaptic plasma membrane (Mori et al., 2002) . RT-PCR experiments were performed to verify that under the given culture conditions HNs indeed expressed GlyR ␣2 and ␤; this was the case (Fig. 4 B, inset) . Immunostaining of the hippocampal cultures (Fig. 4 B) revealed, in addition, that 33.4 Ϯ 3.4% of the GABAergic synapses contained clusters formed by endogenous GlyRs.
To determine whether these postsynaptic GlyR clusters require binding of the ␤ subunit to gephyrin, HNs were transfected with GFP::␤L (Fig. 4C ). Considering that (1) GFP::␤L behaves like a soluble protein and (2) GFP::␤L binding to gephyrin is prohibited in HNs, one should expect a diffuse cytosolic GFP::␤L localization. Potential clusters were distinguished from diffuse distribution by the 3 criterion (see Materials and Methods). The distribution of GFP::␤L was indeed diffuse within the cytosol. No colocalization was found with GAD65-containing terminals (Fig. 4C, arrowheads) . Thus, although endogenous GlyR clusters did occur at some of the GABAergic inhibitory terminals, binding of the GlyR ␤ subunit to the postsynaptic gephyrin scaffold was suppressed to the extent that overexpressed GFP::␤L assumed a diffuse distribution. HNs are therefore well suited to address the question of whether C5-gephyrins are responsible for keeping heteromeric ␤ subunit-containing GlyRs out of inhibitory synapses.
Hippocampal neurons differ from spinal cord neurons in the expression of C3-and C5-containing gephyrin splice variants
To identify the mechanism that might serve to prohibit a postsynaptic stabilization of ␤ subunit-containing GlyRs, we analyzed HNs with RT-PCR (Fig. 5A-D) . As compared with SCNs, HNs expressed C5-gephyrins at much higher levels (Fig. 5A,B) . The ratio of C2 ϩ C5-gephyrin cDNAs versus C2-gephyrins without C5 (C2 ϩ C5/C2) was significantly larger in HNs (Fig. 5C ). HNs also displayed a higher ratio of gephyrin cDNAs with cassette C3 (Fig. 5D ). Because cassette C3 apparently does not alter binding of the GlyR ␤ subunit to gephyrin (Meier et al., 2000a) , the results are in line with the idea that C5-gephyrins may indeed be responsible for the prohibition of heteromeric GlyR anchoring in postsynaptic GABAergic densities.
C5-gephyrins are responsible for the exclusion of GFP::␤L from GABAergic synapses
To verify the key role of C5-gephyrins in prohibiting GlyR binding to postsynaptic GABAergic domains, C5-gephyrin antisense experiments were designed as shown in Figure 5E (details in Materials and Methods). Figure 5 , F and G, illustrates the C5 antisense oligonucleotide dosedependent reduction of C5-gephyrin mRNA levels in HNs. Note that the overall amount of C2-containing transcripts remained roughly unchanged: C5 antisensetreated neurons displayed a slight increase by 5 and 2% (at 50 and 500 nM, respectively) in the total amount of C2-gephyrins (comparison of the combined intensity signal from the top plus bottom band at 0, 50, and 500 nM). We therefore concluded that C5 antisense treatment effectively downregulated the C5-containing gephyrin mRNA fraction. Accordingly, the C3-containing gephyrin mRNA fraction was upregulated (Fig. 5 F, G, bottom) . This upregulation of C3-gephyrins most probably reflects the lack of cassette C3 in C5-containing gephyrin isoforms.
HNs were then co-transfected with C5 antisense oligonucleotides and GFP::␤L to study the dependency of postsynaptic GFP::␤L accumulation on C5-gephyrins. C5-gephyrin-deficient HNs contained GFP::␤L aggregates opposite GABAergic terminals (Fig. 6 A, arrows) . The effect of C5 antisense oligonucleotide treatment on postsynaptic GFP::␤L accumulation was dose dependent (Fig. 6 B) ; however, as indicated by an increase in the number of pyknotic nuclei (Hoechst stain; data not shown), transfection of 500 nM C5 antisense was not well tolerated by HNs. Whenever postsynaptic GFP::␤L aggregates were found in C5 antisense-transfected HNs, they also colocalized with endogenous gephyrin (96.6 Ϯ 1.8%) (Fig. 6C) . In HNs co-transfected with the C5 sense oligonucleotide (data not shown), GFP::␤L was diffusely distributed within the cytosol (compare Fig. 4C ) and did not accumulate opposite GABAergic terminals. To finally determine whether C5 depletion would also affect endogenous GlyR distribution, we stained GlyRs together with VIAAT in C5 antisense-transfected HNs (Fig. 6 D) . As compared with the fraction of postsynaptic GlyR clusters in both nontransfected (33.4 Ϯ 3.4%) and C5 sensetransfected HNs (31.6 Ϯ 3.4%), depletion of C5-gephyrins from HNs dramatically facilitated postsynaptic GlyR anchoring opposite GABAergic terminals. In C5 antisense-transfected HNs, 83 Ϯ 3.2% of the synapses formed by GABA-releasing terminals contained postsynaptic GlyR clusters (Fig. 6 E) . These results lead to the conclusion that depletion of C5-containing gephyrins from HNs is sufficient to enable the recruitment of transfected GFP::␤L to gephyrin-containing domains opposite GABAreleasing terminals. This creates presynaptic to postsynaptic mismatches.
Overexpression of C5-gephyrins in SCNs interferes with postsynaptic GlyR stabilization
If postsynaptic C5-gephyrins provide the basis for a mechanism prohibiting GlyR stabilization, their overexpression should also interfere with the postsynaptic GlyR stabilization in SCNs. To examine this possibility, SCNs were transfected with GeC2,5,6::GFP (Fig. 7A) . GeC2,5,6::GFP colocalized with 6.4 Ϯ 3.5, 35.7 Ϯ 7.2, and 88.0 Ϯ 6.4% of glycinergic, mixed, and GABAergic synapses, respectively (Fig. 7B) ; 83.3 Ϯ 16.7, 28.3 Ϯ 11.1, and 5.6 Ϯ 4.6% of postsynaptic GeC2,5,6::GFP clusters opposite glycinergic, mixed, and GABAergic synapses, respectively, were immunoreactive for mAb2b antibody (Fig. 7C) . The surface area and the average fluorescence intensity of postsynaptic GeC2,5,6::GFP clusters were highest in the case of apposition to GABAergic synapses (Fig. 7D, E) (surface, 1.9 Ϯ 0.2 m 2 ; mean gray, 214.7 Ϯ 9.8). With decreasing GABA content, both the surface area and the mean fluorescence intensity of postsynaptic (Fig. 7D, E) . Together, we have strong evidence to suggest that in SCNs the fraction as well as the amount of C5-gephyrins increase with increasing presynaptic GABA content. The presence of C5-gephyrins in the postsynaptic domains interferes with GlyR anchoring, and the degree of interference correlates with the amount of C5-gephyrins present.
Discussion
SCNs and HNs were transfected to express GFP-tagged gephyrinbinding loops of the GlyR ␤ subunit. The loops accumulated at inhibitory gephyrin-containing postsynaptic sites in a transmitterappropriate way. In contrast to SCNs, which form glycinergic, mixed, and purely GABAergic synapses, HNs exclusively make GABAergic contacts. Postsynaptic GFP::␤L aggregates were absent in HNs, and this was associated with high expression levels of C5-gephyrins. When transfected with C5 antisense oligonucleotides, HNs erroneously accumulated GFP::␤L opposite GABAergic terminals. Accordingly, in SCNs, GeC2,5,6::GFP displayed a preferential postsynaptic accumulation opposite GABAergic synapses. The amount of postsynaptic C5-gephyrins (surface area, fluorescence intensity) was positively correlated with the presynaptic GABA content (GlyT2 Ͻ mixed Ͻ GAD65). We therefore conclude that the amount of C5-gephyrins at inhibitory synapses regulates the access of GlyRs to postsynaptic domains, which contributes to presynaptic to postsynaptic matching (Fig. 8) .
The mechanisms of postsynaptic GlyR stabilization have been studied extensively. The currently prevailing concepts of postsynaptic GlyR stabilization imply that GlyR ␤ subunits directly bind to gephyrin (Meyer et al., 1995; Kneussel et al., 1999) . Our experiments on transfected SCNs showed that the isolated gephyrin-binding loops are competent to accumulate opposite glycine-releasing terminals. This validated the use of the GFP::␤L construct as a surrogate for full-length GlyRs in cultured neurons.
In general, a synaptic versus nonsynaptic distribution of GlyRs in neurons receiving (SCNs) or lacking (HNs) glycinergic afferents could be based on various differences, including (1) different intrinsic binding characteristics of the GlyRs and (2) different intrinsic binding characteristics of postsynaptic gephyrins. It is known that transmitter specificity of receptor accumulation may not be absolute. Here we show that in HNs endogenous GlyR clusters can indeed occur opposite GABAergic terminals; however, considering that the GABAergic postsynaptic densities were entirely free of GFP::␤L and endogenous GlyR clusters were visualized by mAb4a, an antibody that recognizes all GlyR subunits, it seems possible that the postsynaptic GlyRs found at a minor fraction of GABAergic presynaptic terminals were composed of homomeric GlyR ␣2 channels, i.e., they were lacking the GlyR ␤ subunit. We have shown previously that homomeric GlyR ␣2 channels are indeed capable of accumulating at inhibitory postsynaptic sites (Meier et al., 2000b) . The function of such mismatched postsynaptic GlyRs in HNs remains to be determined; however, considering their slow onset, relaxation, and desensitization kinetics, as well as the low open probability, it seems unlikely that homomeric ␣2 GlyR channels contribute much to fast inhibitory synaptic transmission (Mangin et al., 2003) .
Our findings support the hypothesis that the amount of C5-gephyrins determines the degree of postsynaptic GlyR accumulation, provided these GlyRs contain the gephyrin-binding ␤ subunit. Only at purely GABAergic synapses, the amount of C5-gephyrins is sufficient to exclude GlyRs from postsynaptic anchoring. At mixed and purely glycinergic synapses, lower levels of C5-gephyrins will allow for a larger number of postsynaptic GlyRs (Fig. 8A) . Accepting that C5-gephyrins keep GABAergic synapses free of heteromeric GlyRs and, vice versa, that gephyrins lacking C5 are required to stabilize heteromeric GlyRs opposite glycinergic terminals, one can conclude that the transmitter specificity of postsynaptic receptor accumulation reflects the presence of an appropriate mixture of gephy- rin isoforms. Although it is well documented that alternative splicing produces a large number of gephyrin isoforms (Meier et al., 2000a; Ramming et al., 2000; David-Watine, 2001; Rees et al., 2003) , there is still no direct evidence for a similar molecular diversity in the postsynaptic density. Cassette-specific antibodies are not yet available; however, the results obtained in our experiments with transfected GFP-tagged GeC2,5,6 are consistent with the idea that C5-gephyrins reside predominantly in the postsynaptic protein scaffold of GABAergic synapses where they interfere with GlyR ␤ subunit binding. This leads directly to the next question of how C5-gephyrins might achieve the exclusion of heteromeric GlyRs from postsynaptic domains.
It is already known that cassette C5 is inserted into the ␣-helix 4 within the MogAhomologous domain where it may cause a conformational rearrangement that, in turn, influences the orientation of the linker region (Sola et al., 2001) . It is therefore possible that C5 insertion into ␣-helix 4 results in some distant action on the C-terminal MoeAhomologous domain, were the GlyR ␤ subunit binding domain is located (Rees et al., 2003) . This could lead to a masking of the GlyR ␤ subunit binding site. The ability to mask the GlyR-binding domain in the C-terminal part may be an exclusive property of C5-containing gephyrins (Fig. 8 B) .
It is conceivable that C5 insertion into ␣-helix 4 can provoke additional structural changes within the highly conserved Gly-GlyThr-Gly-motif, which may affect the trimer interface within the Gephyrin-G (MogA homologous) domain . Conformational rearrangements at the trimer interface may exert remote effects on adjacent gephyrins that eventually may distort the postsynaptic gephyrin lattice in the vicinity of C5-gephyrins (Fig.  8C) . This hypothesis is supported by the observation that the presence of cassette C5 altered the aggregation behavior of gephyrin. When excessively overexpressed in COS cells or neurons, C5-gephyrins tended to form filamentous, spike-like aggregates, whereas gephyrins lacking C5 aggregated into blob-like structures (Meier et al., 2000a) .
This notion leads to the question of how the postsynaptic neuron is instructed to target the appropriate gephyrin isoforms to inhibitory postsynaptic sites. Mismatches in the apposition of presynaptic and postsynaptic components were created, for instance, in neurons manipulated to lack one or several synaptic afferents. In cultures of solitary motoneurons, gephyrin accumulated opposite the remaining cholinergic autaptic terminals . In pyramidal cells deprived of GABAergic input, GABA A receptors accumulated opposite glutamatergic terminals (Rao et al., 2000) . Although the nature of the signal still remains to be determined, these data strongly suggest that the instructive signal necessary to obtain the appropriate postsynaptic gephyrin heterogeneity is provided by the presynaptic terminal.
Because invasion of GlyRs into GABAergic postsynaptic sites is not a priori excluded but reflects the level of C5-gephyrins present in the postsynaptic domains, one can conclude that this mechanism gives GABAergic synapses an additional degree of freedom to ensure a functionally adequate level of inhibition, e.g., when GABA release for some reasons drops to very low level. The conditional GlyR stabilization at postsynaptic GABAergic densities thus may represent an interesting new form of plasticity. It has been shown by in vivo microdialysis that the concentration of glycine increases during and after induction of epilepsy (Shen and Lai, 2002) . Provided that extracellular glycine can be taken up by presynaptic terminals, which may indeed occur even in the absence of GlyT2 (Gomeza et al., 2003) , additional synaptic GlyR clusters could secure an appropriate level of synaptic inhibition. . C5-gephyrin predominantly accumulates opposite GABAergic synapses in DIV12 SCNs. A, Immunostaining of GlyT2, GAD65/67, GeC2,5,6::GFP and GlyR ␣1. B, Quantification of postsynaptic GeC2,5,6::GFP accumulation opposite purely glycinergic (GlyT2), mixed, and GABAergic terminals (GAD65/67). C, Fraction of GeC2,5,6::GFP-containing glycinergic, mixed, or GABAergic synapses that also contained endogenous GlyRs (mAb2b). D, Size of GeC2,5,6::GFP clusters at glycinergic, mixed, and purely GABAergic terminals. E, Quantification of mean fluorescence intensity of GeC2,5,6::GFP at synapses of different type. Scale bar, 2 m. Figure 8 . Scheme to illustrate the proposed mechanism for C5-gephyrin-dependent control of GlyR anchoring. A, Postsynaptic lattice containing a variable amount of C5-gephyrin trimers (black). The highest amount is present in purely GABAergic synapses. The suppression of GlyR accumulation may either be limited to the C5-gephyrin sites ( B) or additionally involve the area occupied by neighboring C5-lacking gephyrins, provided the latter are also under the influence of C5-gephyrins.
